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(QHUJ\6\VWHPV5HVHDUFK8QLW8QLYHUVLW\RI6WUDWKFO\GH*ODVJRZ8.
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 
 
$%675$&7 
7KHYROXPHRIGDWDUHODWLQJWRWKHEXLOWHQYLURQPHQWLVH[SHFWHGWRPDUNHGO\LQFUHDVH
DV ORZ FRVW ZLUHOHVV PRQLWRULQJ GHYLFHV SUROLIHUDWH ,W LV DQWLFLSDWHG WKDW WKH
WHFKQRORJ\ZLOO SURYLGH IDFLOLWLHVPDQDJHUVZLWKQHZ WRROV IRUFRVWHIIHFWLYHHQHUJ\
XVHUHGXFWLRQ7RDGGUHVVWKLVRSSRUWXQLW\VHYHUDOSURMHFWVZRUOGZLGHDUHGHYHORSLQJ
GDWDSODWIRUPVSRVVHVVLQJLQWHJUDWHGDQDO\WLFVFRUUHVSRQGLQJWRGLVWLQFWHQHUJ\UHODWHG
VHUYLFHVKHUHLQDIWHUUHIHUUHGWRDVµHVHUYLFHV¶7KLVSDSHUVXPPDULVHVWKHILUVW\HDU
DFWLYLW\ RI D .RUHDQ SURMHFW DGGUHVVLQJ WKH GHOLYHU\ RI QHZ LQIRUPDWLRQ VHUYLFHV
UHODWLQJ WR WKH HQHUJ\ DQG HQYLURQPHQWDO SHUIRUPDQFH RI EXLOGLQJV $Q HVHUYLFH
GHOLYHU\SODWIRUPEDVHGRQSHUYDVLYHVHQVRUVDQGWKH+DGRRSµELJGDWD¶SODWIRUPKDV
EHHQ GHYHORSHG 7KH KDUGZDUH DQG VRIWZDUH FRPSRQHQWV DUH GHVLJQHG WR PHHW
WHFKQLFDOUHTXLUHPHQWVIRUDUDQJHRIHQHUJ\DQGHQYLURQPHQWVHUYLFHVIRUZKLFKWKH
HVVHQWLDOIHDWXUHVDUHORZFRVWGHYLFHVDQGRSHQFRPPXQLFDWLRQSURWRFROV7KHIRUP
RI WKH KDUGZDUH DQG VRIWZDUH V\VWHPV LV KHUHLQ GHVFULEHG DQG UHVXOWV IURP
GHSOR\PHQWVLQ.RUHDDQGWKH8.UHSRUWHG 

.(<:25'6
%LJ GDWD SODWIRUP SHUYDVLYH VHQVLQJ HVHUYLFH GHOLYHU\ ORZ FRVW HQHUJ\
PDQDJHPHQW


,1752'8&7,21
,QWKHFRQWH[WRIWKHHPHUJLQJµ,QWHUQHWRI7KLQJV¶,R7PDUNHWDQ,R7HQDEOHGGDWD
PDQDJHPHQW V\VWHP KDV EHHQ GHYHORSHG FRPSULVLQJ QHZ PRQLWRULQJ DQG GDWD
SURFHVVLQJFRPSRQHQWV7KHIRUPHUWHUPHG%XLOG$;ZDVGHYHORSHGE\WKH(QHUJ\
6\VWHP 5HVHDUFK 8QLW DQG &XOWXUH /DE DW WKH 8QLYHUVLWLHV RI 6WUDWKFO\GH DQG
1HZFDVWOH ZLWKLQ (365& SURMHFW (3, &ODUNH HW DO  7KH ODWWHU
WHUPHG (Q7UDN .LP DQG &ODUNH  VXSSRUWV WKH GHOLYHU\ RI GLVFUHWH EXLOGLQJ
SHUIRUPDQFH LQIRUPDWLRQ VHWV DGGUHVVLQJ LVVXHV VXFK DV LQGRRU GLVFRPIRUW SRRU DLU
 
&RUUHVSRQGLQJDXWKRUHPDLOPLQ#HVUXVWUDWKDFXN
TXDOLW\ RSHUDWLRQDO HQHUJ\ UHSRUWLQJ HTXLSPHQW FRQGLWLRQV PRQLWRULQJ XSJUDGH
TXDOLW\ DVVXUDQFH DQG WKH OLNH 7KH %XLOG$[ ORZ FRVW RSHQ GHYLFH HQFDSVXODWHV 
VHQVRUV UHFRUGLQJ WHPSHUDWXUH UHODWLYH KXPLGLW\ LOOXPLQDWLRQ SHRSOH SUHVHQFH
ZLQGRZGRRUDFWXDWLRQDQGEDWWHU\VWDWHZLWKGDWDFRPPXQLFDWHGZLUHOHVVO\WRDORFDO
ORJJHUURXWHUIRURQZDUGWUDQVPLVVLRQWR(Q7UDN&ODUNHDQG+DQG 
:KLOH ORZ FRVW SHUYDVLYH VHQVLQJ WHFKQRORJLHV DOORZ HIIHFWLYH SHUIRUPDQFH
DVVHVVPHQW DQG DFFXUDWH SUHGLFWLYH FRQWURO WR HQKDQFH HQHUJ\ DQG HQYLURQPHQW
SHUIRUPDQFHRIWKHEXLOWHQYLURQPHQWEXLOGLQJHVWDWHVWKH\JLYHULVHWRODUJHGDWDVHWV
ZKLFK UHTXLUHV PRUH FRPSXWDWLRQDO UHVRXUFH 7RDGGUHVV WKLV QHHG WKH+DGRRS ELJ
GDWDSODWIRUP+DGRRSUHIKDVEHHQDGRSWHG7KLVSDSHUSUHVHQWVWKHFRQILJXUDWLRQRI
WKHHVHUYLFHGHOLYHU\V\VWHPDQGLWVILHOGGHSOR\PHQWIRUWHVWLQJDQGGHPRQVWUDWLRQ
 
H6(59,&('(/,9(5<6<67(0 
)LJXUH  LOOXVWUDWHV WKH FRPSRQHQWV DQG GDWD WUDQVPLVVLRQ URXWHV RI WKH H6HUYLFH
GHOLYHU\ V\VWHP ([WHQVLYH GDWD DUH LQYROYHG LQ HVHUYLFHV WR FUHDWH YDOXDEOH
LQIRUPDWLRQ IRU HQHUJ\ XVHUV DW YDULRXV GHFLVLRQPDNLQJ OHYHOV $ ODUJH SRUWLRQ RI
WKHVH GDWD DUH DYDLODEOH IURP H[LVWLQJ PRQLWRULQJ V\VWHPV XWLOLWLHV PHWHRURORJLFDO
VWDWLRQV DQG SXEOLF GDWDEDVHV 7KH QRYHO DSSURDFK LQ WKLV VWXG\ LV WR DGG KLJK
UHVROXWLRQ LQIRUPDWLRQ RQ LQGRRU HQYLURQPHQW FRQGLWLRQV XVLQJ SHUYDVLYH VHQVLQJ
WHFKQRORJ\7KHGDWDFROOHFWHGIURPDOOVRXUFHVDQGWKHUHVXOWVRIDSSO\LQJSURFHVVLQJ
UXOHVWRWKHVHGDWDDUHHQFDSVXODWHGZLWKLQWKH+DGRRSSODWIRUP

)LJXUHH6HUYLFHGHOLYHU\V\VWHP

7KH VFDOHRI GDWD WUDQVPLVVLRQ VWRUDJHDQG UHWULHYDO LQ WKLV LQIUDVWUXFWXUH LV EH\RQG
WKH FDSDELOLW\ RI FRQYHQWLRQDO EXLOGLQJ HQHUJ\ PDQDJHPHQW V\VWHPV %(06 $V
GHSLFWHG LQ )LJXUH  WKH +DGRRS SODWIRUP FRPSULVHV WKUHH FOXVWHUV GDWD PDVKXS
DQDO\WLFDSSOLFDWLRQDQGSXEOLVKLQJ

)LJXUH5ROHRI+DGRRSEDVHGELJGDWDFOXVWHUIRUHVHUYLFHGHOLYHU\

 7KH GDWD PDVKXS FOXVWHU  WKLV PDQDJHV PXOWLFKDQQHO GDWD LPSRUW ZLWK
KHWHURJHQHRXV GDWD IRUPDW FRQYHUVLRQ 2QH RI FRPSRQHQWV ZLWKLQ WKH FOXVWHU
64223 WUDQVIHUVEXONGDWDEHWZHHQ+DGRRSDQGVWUXFWXUHGGDWDEDVHV LQ%(06
ZHDWKHUVWDWLRQVDQGXWLOLWLHV

7KHDQDO\WLFFOXVWHUWKLVSURYLGHVDQDO\VLVHQJLQHVIRUQRQOLQHDULGHQWLILFDWLRQ
RI HQHUJ\ XVH SDWWHUQV DQG FRUUHODWLRQ EHWZHHQ GLIIHUHQW GDWD GRPDLQV VRPH RI
ZKLFK KDYH QHYHU EHHQ H[DPLQHG ZLWK FRQYHQWLRQDO UHJUHVVLRQ VWXGLHV LQ WKH
EXLOGLQJHQHUJ\ILHOGHJ+9$&HQHUJ\FRQVXPSWLRQDQGWUDIILFFRQGLWLRQ,WLV
H[SHFWHGWKDW WKHSDWWHUQGHWHFWLQJPRGHOZLOOSURYLGHHQHUJ\PDQDJHUVZLWKQHZ
LQVLJKWDQGDELOLW\IRUPRUHDFFXUDWHSUHGLFWLRQRIHQHUJ\GHPDQGFRPSDUHGZLWK
FDXVHHIIHFWPRGHODSSURDFKHV 

7KHSXEOLVKFOXVWHU  WKLV VXSSRUWV GDWD YLVXDOLVDWLRQ WKURXJK WKLUG SDUW\ WRROV
8VXDOO\WRROVVXFKDV'LQIRJUDSKLFV*,6DQGVRRQUHTXLUHKLJKYROXPHRILQSXW
GDWD 7KLV FOXVWHU KDQGOHV GDWD WUDQVIRUPDWLRQ DQG GHOLYHU\ IURP H[WHQVLYH GDWD
VRXUFHVWRVXFKYLVXDOL]DWLRQWRROV

)LJXUHJLYHVDQH[DPSOHRIDSURVSHFWLYHHVHUYLFHIRUEHQFKPDUNLQJWKHHQHUJ\XVH
SDWWHUQV RI DLU FRQGLWLRQLQJ V\VWHPV LQ WHUPV RI  LPSDFWLQJ IDFWRUV RFFXSDQF\
VSDWLDOUHJLRQDODQGFOLPDWLF,QWKLVVWXG\LPSDFWLQJIDFWRUVZHUHGHILQHGWRLGHQWLI\
GHWHUPLQDQWV FRUUHODWHG ZLWK HOHFWULFLW\ FRQVXPSWLRQ RI DLU FRQGLWLRQLQJ V\VWHPV
9DULRXVGDWDLWHPVDUHLQYROYHGDQGFDWHJRUL]HGLQRQHRIIDFWRUV6RPHGDWDLWHPV
KDYH QHYHU EHHQ H[DPLQHG LQ FRQYHQWLRQDO HQHUJ\ PRGHOV )RU H[DPSOH URDG
FRQGLWLRQ RXWGRRU DLU TXDOLW\ GDWD FRPPHUFLDO HYHQWV DURXQG WKH WDUJHWHG
EXLOGLQJVSDFHZLOOEHH[DPLQHGDVRQHRI WKHUHJLRQDO IDFWRUV2QHRIREMHFWLYHVRI
WKLVSURMHFWIRUFRPLQJ\HDUVLVWRHVWDEOLVKH[WHQVLYHGDWDFRQQHFWLYLW\IRUHQHUJ\XVH
SUHGLFWLRQPRGHO&ULWLFDOFKDOOHQJHLV WRJHWRQOLQHDFFHVVWRGDWDVRXUFHVDYDLODEOH
WRSXEOLF  
 


)LJXUH/RQJLWXGLQDOEHQFKPDUNLQJRIHQHUJ\FRQVXPSWLRQSDWWHUQVGHSHQGLQJRQ
HQHUJ\LPSDFWLQJIDFWRUV

),(/''(3/2<0(17
7KH H6HUYLFH GHOLYHU\ V\VWHP ZDV GHSOR\HG DW WHVW VLWHV LQ .RUHD DQG WKH 8.
UHSUHVHQWLQJ GLIIHUHQW FOLPDWH FRQWH[WV DQG FXOWXUHUHODWHG HQHUJ\ XVH SDWWHUQV $Q
HVHUYLFHIRULQGRRUHQYLURQPHQWFRQGLWLRQVDVVHVVPHQWZDVGHSOR\HGLQZKLFKGDWDLV
DFTXLUHG IURP SHUYDVLYH VHQVRUV GLVWULEXWHG WKURXJKRXW WKH WDUJHWHG VSDFH 7KH
VHQVRUVDUH LQVWDOOHGWKURXJKRXW WKHZRUNLQJDUHDVRIRFFXSDQWV±DOOZKLOHEHLQJDV
XQREWUXVLYHDVSRVVLEOH 
2QHGHSOR\PHQWZDVZLWKLQWKH7HFKQRORJ\DQG,QQRYDWLRQ&HQWUHDWWKH8QLYHUVLW\
RI6WUDWKFO\GH)LJXUHVKRZVVHQVRUORFDWLRQV2IILFHVZLWKLQWKLVEXLOGLQJZHUH
H[SHULHQFLQJHQYLURQPHQWDOSUREOHPVUHODWLQJWRJODUHDQGRYHUKHDWLQJ

6XFKKLJKUHVROXWLRQGDWDIURPWKHGLVWULEXWHGZLUHOHVVPRQLWRULQJGHYLFHVSURYLGH
WKHIDFLOLW\PDQDJHUZLWKLGHQWLILFDWLRQRISUREOHPDWLFORFDWLRQVDQGWKHLUWHPSRUDO
SDWWHUQV$VFDQEHVHHQLQ)LJXUHWHPSHUDWXUHSURILOHVRIYDULRXVORFDWLRQVLQWKH
RIILFHVSDFHFDQEHGLVSOD\HGWRIDFLOLW\PDQDJHUVDQGSRWHQWLDOO\RFFXSDQWVRQ
GHPDQG6XFKGDWDFDQKHOSWRLGHQWLI\SUREOHPDWLFDUHDVDQGWKURXJKDXWRPDWHG
DQDO\VLVVXJJHVWUHPHGLDODFWLRQV

2QWKHRWKHUKDQGPRQLWRUHGGDWDDUHWUDQVIHUUHGWRWKH+DGRRSSODWIRUPIRUGDWD
PDVKXSDQGDQDO\WLFVDIWHULQWHJUDWLRQZLWKGDWDFROOHFWHGIURPRWKHUVRXUFHVHJ
VPDUWXWLOLW\PHWHUV7KHDLPRIWKHVHFRQG\HDURIWKHSURMHFWLVWRGHSOR\DQDO\WLF
PRGHOVIRUWKHSUHGLFWLRQRIHQHUJ\XVHSDWWHUQV 

D2XWORRNRI WKHVLWHEXLOGLQJDW8QLYHUVLW\
RI6WUDWKFO\GH
E,QWHUQDOVFHQHRIWKHRIILFHDW(75, 


F/RFDWLRQRIVHQVRUVPDUNHGZLWKDOSKDEHW
$WR3
G
G$%XLOG$[SODFHGDWDSRVLWLRQ
)LJXUH)LHOGGHSOR\PHQWRISHUYDVLYHVHQVRUVLQRIILFHVDWWKH8QLYHUVLW\RI
6WUDWKFO\GH8.DQG(75,.RUHD


)LJXUH7HPSHUDWXUHSURILOHVGXULQJDZDUPSHULRGIURPDOOVHQVLQJSRLQWV 
',6&866,21
/RZFRVWSHUYDVLYHVHQVLQJGHYLFHVDQGH[WHQVLYHGDWDUHVRXUFHVFDQSURYLGHIDFLOLW\
PDQDJHUV ZLWK RSSRUWXQLWLHV IRU HIIHFWLYH SHUIRUPDQFH DVVHVVPHQW DQG DFFXUDWH
SUHGLFWLYH FRQWURO RIHQHUJ\ V\VWHPV +RZHYHU WKHUH DUH VWLOO QRQWULYLDO EDUULHUV WR
LPSOHPHQWLQJLQQRYDWLYHH6HUYLFHVLQSUDFWLFH,QVWLWXWLRQDOFRPPXQLFDWLRQVHFXULW\
SROLF\ GRHV QRW \HW DOORZ GLUHFW FRPPXQLFDWLRQ EHWZHHQ SULYDWH QHWZRUN GHYLFHV
KHUH D %XLOG$[ URXWHU DQGH[WHUQDO QHWZRUN VHUYHUV KHUH (Q7UDN FRQQHFWHG WR D
+DGRRSSODWIRUP(YHQLIGDWDFRQQHFWLYLW\FDQEHHVWDEOLVKHGWRRPXFKGDWDWUDIILF
PD\JLYHULVHWRKLJKFRVWIRUGDWDFRPPXQLFDWLRQ7RMXVWLI\ORZFRVWDQGSRZHUIXO
DQDO\VLVHQJLQHDVVLVWHGHQHUJ\PDQDJHPHQWV\VWHPVLWLVQHFHVVDU\WRGHVLJQDGDWD
WUDQVIHUDQGDQDO\VLVMREDOORFDWLRQVWUDWHJ\GHSHQGLQJRQWKHQDWXUHRIH6HUYLFH7KH
QH[W VWHS LQ WKH SUHVHQW SURMHFW LV WR VSHFLI\ DQDO\WLF PRGHOV DQG GDWD WUDQVIHUULQJ
DUFKLWHFWXUH

&21&/86,21
,W LV DQWLFLSDWHG WKDW WKH SURSRVHG HVHUYLFH GHOLYHU\ V\VWHP ZLOO IDFLOLWDWH PRUH
HIIHFWLYH SHUIRUPDQFH DVVHVVPHQW DQG DFFXUDWH FRQWURO IRU HQHUJ\ PDQDJHPHQW
)DFLOLW\PDQDJHUVFRXOGPDNHVWUDWHJLFDQGRSHUDWLRQDOGHFLVLRQVRQWKHEDVLVRIODUJH
YROXPHVRIGDWDFROOHFWHGIURPH[WHQVLYHVRXUFHV7KURXJKWKHFRXUVHRIWKHSURMHFW
WKH YLDELOLW\ RI WKH SURSRVHG HVHUYLFH GHOLYHU\ V\VWHP LV EHLQJ HYDOXDWHG E\
FRPSDULVRQ ZLWK FRQYHQWLRQDO EXLOGLQJ HQHUJ\ PDQDJHPHQW V\VWHPV ZKLFK UHTXLUH
VLJQLILFDQWPRQLWRULQJLQIUDVWUXFWXUHDQGRQVLWHV\VWHPPDLQWHQDQFH

$&.12:/('*(0(176
7KLV UHVHDUFKZRUN UHSRUWHGKHUH LV VXSSRUWHGE\ WKH 
,QWHUQDWLRQDOHQHUJ\MRLQWUHVHDUFK
SURMHFW
RIWKH.HD,QVWLWXWHRI(QHUJ\7HFKQRORJ\(YDOXDWLRQ3ODQQLQJ.(7(3JUDQW
IXQGHG E\ WKH .RUHDQ JRYHUQPHQW 0LQLVWU\ RI .QRZOHGJH (FRQRP\ 1R

 
5()(5(1&(6 
&ODUNH-$+DQG-:.LP-/DGKD&2OLYLHU35RVNLOO\75R\DSRRU06DPXH$
$ DQG :X '  3HUYDVLYH VHQVLQJ DV D PHFKDQLVP IRU LPSURYLQJ HQHUJ\
SHUIRUPDQFH ZLWKLQ FRPPHUFLDO EXLOGLQJV3URF %XLOGLQJ 6LPXODWLRQ DQG
2SWLPL]DWLRQ  
.LP-DQG&ODUNH-$7KH(Q7UDN6\VWHP6XSSRUWLQJ(QHUJ\$FWLRQ3ODQQLQJ
YLDWKH,QWHUQHW3URF&7%8+
&ODUNH -$DQG+DQG-:$QRYHUYLHZRI WKH(Q7UDN %XLOG$;H6HUYLFHGHOLYHU\
SODWIRUPKWWSZZZHVUXVWUDWKDFXN'RFXPHQWVHVHUYLFHVBSGI
+DGRRSKWWSKDGRRSDSDFKHRUJODVWDFFHVVHGRQ$XJXVW 
